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Plant Physiology/ Original Article
Assessment of somaclonal 
variation in indirect 
morphogenesis-derived plants 
of Arracacia xanthorrhiza
Abstract – The objective of this work was to induce and detect somaclonal 
variation in arracacha (Arracacia xanthorrhiza) plants regenerated via 
indirect morphogenesis, in order to evaluate the potential of this technique to 
produce new genotypes for breeding purposes of this crop. Calli were induced 
from petiole segments on Murashige & Skoog (MS) medium supplied with 
0.1 mg L-1 2,4-dichlorophenoxyacetic acid. The regeneration of plants via 
indirect morphogenesis was carried out on half-strength MS medium without 
plant growth regulators. Fifteen randomly chosen plants were subjected to 
flow cytometry and “inter-simple sequence repeat” (ISSR) analysis. Ploidy 
level remained stable in all tested regenerants (2n=4x=44), with no changes 
in the genome. Eighteen ISSR primers produced a total of 1,584 fragments 
in all samples. Two ISSR primers produced four polymorphic fragments in 
26.7% of the tested samples. Somaclonal variation in arracacha is a result of 
plant regeneration via indirect morphogenesis and can be detected by ISSR 
markers.
Index terms: arracacha, ISSR, plant breeding, ploidy level, somatic 
embryogenesis.
Avaliação de variação somaclonal 
em plantas derivadas de Arracacia 
xanthorrhiza por morfogênese indireta
Resumo – O objetivo deste trabalho foi induzir e detectar a variação 
somaclonal em plantas de batata-baroa (Arracacia xanthorrhiza) regeneradas 
por morfogênese indireta, para avaliar o potencial dessa técnica em produzir 
novos genótipos para o melhoramento dessa cultura. Calos foram induzidos 
em segmentos de pecíolos no meio de Murashige & Skoog (MS) suplementado 
com 0,1 mg L-1 de ácido 2,4-diclorofenoxiacético. A regeneração de plantas 
pela morfogênese indireta foi realizada em meio de cultura MS meia-força, 
sem reguladores de crescimento de plantas. Quinze plantas escolhidas 
aleatoriamente foram submetidas à citometria de fluxo e à análise entre 
sequências simples repetidas (ISSR). O nível de ploidia manteve-se estável em 
todas as plantas regeneradas (2n=4x=44), sem mudanças no genoma. Dezoito 
iniciadores ISSR produziram um total de 1.584 fragmentos em todas as 
amostras. Dois iniciadores ISSR produziram quatro fragmentos polimórficos 
em 26,7% das amostras testadas. A variação somaclonal entre plantas de 
batata-baroa é resultante da regeneração de plantas pela morfogênese indireta 
e pode ser detectada por meio de marcadores ISSR.
Termos para indexação: batata-baroa, ISSR, melhoramento de plantas, nível 
de ploidia, embriogênese somática.
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Introduction
Arracacha (Arracacia xanthorrhiza Bancroft) is a 
perennial root crop from the Apiaceae family, native 
to the Andean highlands from Venezuela to Bolivia 
(Orílio et al., 2013). Currently, it is cultivated in 
Brazil (Carvalho et al., 2018), a few parts of Central 
America, and in the Caribbean, also showing potential 
to be distributed as a root crop in the highlands of 
tropical areas in Asia and Africa (National Research 
Council, 1989). The edible portion of the plant consists 
of tuberous roots containing from 10 to 25% (fresh 
weight; FW) starch, which is easily digestible and, 
therefore, suitable for infants and patients.
Recently, much attention has been paid to disease 
problems of arracacha because they significantly 
reduce root production. The bacteria Erwinia spp. is 
considered to be the most harmful to storage roots, 
whereas a number of fungi attack different plant 
organs: Slerotinia sclerotiorum causes the plant 
and root to rot, and Sclerotium rolfsii, Fusarium sp., 
Phoma sp. and Rhizopus sp. further damage the roots 
both in the field and during storage (Hermann, 1997). 
The vegetative propagation of arracacha also leads to 
the accumulation of pathogens (Orílio et al., 2013).
Due to the narrow variation found in the arracacha 
genepool, rare flowering, and the low germination 
of achenes of up to 30% (Hermann, 1997), breeding 
efforts using hybridization are limited in this species. 
Somaclonal variation represents an alternative tool 
for obtaining new genetic variability (Krishna et al., 
2016), with numerous applications in plant breeding 
and genetic improvement, which enables breeders to 
obtain plants tolerant to biotic or abiotic stress, among 
others (Krishna et al., 2016). This type of variation is 
characterized by newly generated mutations arising 
from the tissue culture process (Sato et al., 2011) 
and has been associated to several factors, such as 
exposure of unprotected genetic material to chemicals 
in the medium and non-selective environment, high 
number of subcultures, length of in vitro cultivation, 
and type and concentration of the applied plant 
growth regulators (Bairu et al., 2011). The presence of 
a disorganized growth phase in the tissue culture is 
another factor contributing to its occurrence, indicating 
that significant variation can be detected among plants 
regenerated from the callus (Bairu et al., 2011).
An efficient and early detection of somaclonal 
variation is needed to spot variants with useful 
agronomic traits. Overall, somaclonal variants can 
be detected using several techniques, which are 
broadly categorized as morphological, physiological/
biochemical, and molecular (Bairu et al., 2011). 
Molecular techniques in particular are a valuable, 
recent tool to detect somaclonal variation. Among 
the molecular markers, inter-simple sequence repeat 
(ISSR) ones have been considered appropriate for 
routine genetic evaluation of in vitro regenerants 
(Soares et al., 2016) because this method is very 
simple, fast, cost-effective, highly polymorphic, and 
does not need any prior sequence information to design 
the primer (Reddy et al., 2002; Lakshmanan et al., 
2007). Chromosomal counts, as well as the detection 
of DNA content variation using flow cytometry, can 
provide complementary information about somaclonal 
variation (Bairu et al., 2011).
The objective of this work was to induce and detect 
somaclonal variation in arracacha plants regenerated 
via indirect morphogenesis, in order to evaluate the 
potential of this technique to produce new genotypes 
for breeding purposes of this crop.
Materials and Methods
The used arracacha clone (2n=4x=44) was 
provided by the Botanic Garden of Faculty of Tropical 
AgriSciences of Czech University of Life Sciences 
Prague, located in the Czech Republic. Leaves and 
roots were removed from the leaf rosette, and the basal 
part (about 2.0 cm in length) bearing the meristem was 
sterilized using 96% (v/v) ethanol for 15 s and 1.0% (v/v) 
NaClO with 0.1% (v/v) Tween 20 for 20 min, and then 
rinsed three times with sterile distilled water. After 
sterilization, the explant was placed on Murashige 
& Skoog (MS) medium (Murashige & Skoog, 1962), 
supplemented with 1.0 mg L-1 thiamine, 100 mg L-1 
myo-inositol, 30 g L-1 sucrose, and 8.0 g L-1 agar at 
pH 5.7. The culture was incubated at 25/23°C under 
a 16/8-hour light/dark regime and at a photosynthetic 
photon flux density of 35 μmol m-2 s-1, provided by 
cool-white fluorescent tubes. To multiply sufficient 
plant material for the experiment, regenerated shoots 
were regularly transplanted to fresh MS medium 
supplemented with 1.0 mg L-1 6-benzyladenine (BA) 
and 0.1 mg L-1 naphthalene acetic acid (NAA) every 
four weeks, where they were cultivated under the 
previously described conditions.
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To induce callogenesis, petiole segments of 8–10 
mm in length were placed abaxial surface down on 
MS medium at pH 5.7, containing 100 mg L-l myo-
inositol, 30 g L-l sucrose, 8.0 g L-l agar, and 0.1 mg L-l 
2,4-dichlorophenoxyacetic acid (2,4-D) (Slíva et al., 
2010). Four petiole segments were placed in 100-mL 
Erlenmeyer flasks. A total of 80 explants were used in 
two replicates. The cultures were maintained under the 
conditions described before.
After eight weeks of its initial development, the callus 
was divided into about 1.0-cm parts and transferred to 
the same type of culture medium. Thereafter, every 
three to four weeks, the calli were multiplied. The 
morphogenic calli produced on this medium were then 
transferred to half-strength MS medium, containing 
100 mg L-l myo-inositol, 30 g L-l sucrose, and 8.0 g 
L-l agar to regenerate the plants. Regenerating plants 
about 5.0 cm in height were isolated from each callus 
and further cultivated on half-strength MS medium.
The percentage of explants producing calli was 
recorded four weeks after the establishment of the 
experiment. Calli characteristics, such as color, 
friability and occurrence of meristematic centers, were 
observed.
The morphogenic callus, regenerating shoots from 
the callus, and somatic embryos at the cotyledonary 
stage obtained during the regeneration process were 
subjected to the histological analysis. Paraffin sections 
of explants were prepared for histological observation 
according to Vondráková et al. (2015). Briefly, 
samples were fixed in 50% FAA (formaldehyde, 
acetic acid, ethanol, and water in proportion 1:1:9:9, 
respectively) for up to 100 hours. After fixation, the 
tissues were dehydrated using a standard ethanol-
butanol dehydration series and then were embedded in 
paraffin wax at 58–60°C. The paraffin blocks were cut 
into thin-section ribbons of 13 μm using the Thermo 
Scientific Shandon Finesse rotary microtome (Fisher 
Scientific UK Ltd, Loughborough, UK). The sections 
were stained with 0.1% Alcian blue in 3.0% acetic 
acid and with 0.1% nuclear fast red in 5% Al2(SO4)3, 
being photographed afterwards using the Eclipse 80i 
microscope equipped with the Digital Sight DS-5Mc 
camera (Nikon, Tokyo, Japan). All chemicals for the in 
vitro cultures and histological analysis were purchased 
from Sigma Aldrich, now Merck (Merck KgaA, 
Darmstadt, Germany).
Fifteen randomly chosen in vitro regenerants 
of arracacha were subjected to the ISSR analysis 
(Zietkiewicz et al., 1994). Genomic DNA was 
extracted from 100 mg fresh leaf samples with the 
Invisorb Spin Plant Mini Kit (Invitek Molecular, 
Berlin, Germany). DNA quality was determined by 
1.0% agarose gel electrophoresis in 1× TBE buffer, and 
DNA concentration was measured on the NanoDrop 
spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). The isolated DNA samples of 
arracacha were prepared in aliquots of the individual 
samples at a concentration of 50 ηg µL-1 for polymerase 
chain reaction (PCR) and then stored at -20°C.
A set of 20 ISSR primers obtained from University 
of British Columbia, located in Canada, was used 
for screening. DNA ampliﬁcations using PCR were 
carried out in a reaction volume of 20 µL, with the 
following composition: 10 µL × PPP Master Mix 
[150 mmol L-1 Tris-HCl, pH 8.8 at 25°C, 40 mmol L-1 
(NH4)2SO4, 0.02% Tween 20, 5.0 mmol L-1 MgCl2, 
400 µmol L-1 dATP, 400 µmol L-1 dCTP, 400 µmol L-1 
dGTP, 400 µmol L-1 dTTP, 100 U mL-1 Taq-Purple 
DNA polymerase, 38 nmol L-1 anti-Taq monoclonal 
antibody, stabilizers, and additives (Tob-Bio, Prague, 
Czech Republic)], 7.3 µL PCR H2O (Top-Bio, Prague, 
Czech Republic), 2 µL template DNA (50 ng µL-1), 0.5 
µL primer (0.1 µmol L-1), and 0.2 µL bovine serum 
albumin (20 mg mL-1) (Thermo Fisher Scientific, 
Waltham, MA, USA). PCR reactions were performed 
in the T100 Thermal Cycler (Bio-Rad, Irvine, CA, 
USA), under the following cycling conditions: initial 
denaturation at 95°C for 5 min, followed by 40 cycles of 
denaturation at 94°C for 1 min, annealing at 49–54°C 
for 1 min, and extension at 72°C for 2 min, with ﬁnal 
extension at 72°C for 8 min. The ampliﬁed products 
were electrophoretically separated on 1.5% agarose 
gel using the Labnet Enduro Power Station x (Labnet 
International, NJ, USA). The gels were stained with 
ethidium bromide (Carl Roth GmbH, Karlsruhe, 
Germany) and were run at 100 V for approximately 1.5 
hour. The size of the ampliﬁed products was estimated 
using the GeneRuler 100 bp Plus DNA Ladder (Fisher 
Scientific Lithuania, Vilnius, Lithuania), and the 
ampliﬁed stained products were visualized on a gel 
with a UV transilluminator. ISSR proﬁles were scored 
visually for the presence (1) or absence (0) of bands in 
the gel; only clear, distinct bands were considered.
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The relative DNA content of 15 regenerants 
previously subjected to the molecular analysis was 
measured using flow cytometry. Samples were 
prepared following a simplified two-step protocol 
(Dolezel et al., 2007). Approximately 0.5 cm2 in vitro 
regenerant leaf was chopped simultaneously with an 
appropriate amount of internal reference standard – in 
this case, Bellis perennis L., 2C = 3.38 pg (Schönswetter 
et al., 2007) –, using a razor blade in 0.5 mL ice-cold 
Otto I buffer [0.1 mol L-1 citric acid and 0.5% (v/v) 
Tween 20]. The suspension was filtered through a 
42-µm nylon mesh and incubated for 10 min at room 
temperature. A sample was stained with 1.0 mL Otto 
II buffer (0.4 mol L-1 Na2HPO4.12H2O), 4.0 µL mL-1 
of the AT-selective fluorescent dye 4’,6-diamidino-
2-phenylindole, and 2.0 µL mL-1 2-mercaptoethanol. 
After incubation of samples at room temperature 
for 5 min, the stained nuclei were analyzed with the 
CyFlow Space cytometer (Sysmex Partec GmbH, 
Görlitz, Germany) with a UV-diode chip, at a 
concentration of 3,000 per sample. Histograms were 
evaluated using the FloMax software, version 2.4d 
(Sysmex Partec GmbH, Görlitz, Germany). DNA 
ratios were counted by dividing the mean of the G0/G1 
peak of the arracacha sample by the mean of the G0/G1 
peak of the internal standard.
Karyological analyses were carried out in three 
control plants. Excised root tips were pre-treated for 3 
hours in a saturated para-dichlorobenzene solution and 
subsequently placed in a fixative solution, consisting 
of ethanol and acetic acid (3:1) (v/v), where they were 
kept overnight. The roots were then macerated in a 
solution of hydrochloric acid with ethanol (1:1) (v/v) for 
30 s and washed in distilled water. The root tip cuttings 
were squashed in saturated lacto-propionic orcein. The 
Zeiss Nu microscope (Carl Zeiss Microscopy GmbH, 
Jena, Germany) was used to observe the samples.
Results and Discussion
The callus started to develop from both sectioned 
parts of the arracacha petiole segments after 
two weeks of explant cultivation on MS medium 
supplemented with 0.1 mg L-1 2,4-D. The frequency 
of callus initiation from the explants was 88.8%. The 
callus was of light yellow-green color and of friable 
texture. It was actively proliferating, grew fast, and, 
after its initial development within eight weeks, it 
regularly multiplied every 3–4 weeks. Within this 
period, callus FW increased approximately 3–4 
fold. After 50 days of cultivation, meristematic 
centers started to develop on the surface of the callus 
(Figure 1).
Approximately after three weeks, the callus 
was transferred to a regeneration medium 
without plant growth regulators (PGRs), where 
the regeneration of shoots via organogenesis 
started to occur. However, two weeks later, 
regeneration via indirect somatic embryogenesis 
was also observed, but at lower frequencies 
(Figure 1). Although, in a previous study on arracacha 
micropropagation, unipolar shoot structures were 
developed on the callus induced on a medium with 2,4-
D (Slíva et al., 2010), this is the first known research in 
which indirect somatic embryogenesis was observed 
in arracacha callus culture.
The development of plants via somatic 
embryogenesis was confirmed by the histological 
analysis, when embryos at the cotyledonary stage and 
with closed vascular bundles were identified. After five 
weeks of morphogenic callus culture on regeneration 
medium, an average of 12.6 shoots (85.7%) and 2.1 
somatic embryos (14.3%) were found per 0.5 g FW 
morphogenic callus. Both shoots and somatic embryos 
regenerated into plants on half-strength MS medium 
(Figure 1).
These results are similar to those obtained by 
Stanišić et al. (2015), who found that Iris sibirica L. 
plants regenerated simultaneously via organogenesis 
and somatic embryogenesis from a callus previously 
induced on a medium supplemented with 1.0 mg L-1 
2,4-D. Rocha et al. (2015) attributed the parallel 
induction of shoot organogenesis and somatic 
embryogenesis to specific concentrations and types 
of PGRs, affecting the callus culture. These authors 
also stressed that the manipulation of in vitro culture 
conditions might allow these morphogenic pathways 
to be induced alternatively or simultaneously. This 
was confirmed by Wang et al. (2008), who studied 
Pogonatherum paniceum (Lam.) Hack. and found that: 
low concentrations of 2,4-D led exclusively to indirect 
shoot organogenesis; relatively high concentrations, 
to indirect somatic embryogenesis; and intermediate 
concentrations, ranging from 0.1 to 1.0 mg L-l 2,4-D, 
to both types of regeneration from one explant. These 
findings might indicate that, for arracacha, 0.1 mg 
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L-l 2,4-D represents an intermediate concentration, 
inducing both types of plant regeneration, whereas 
increasing or decreasing 2,4-D concentrations 
might result in strict somatic embryogenesis or 
shoot organogenesis, respectively. Both regenerative 
pathways are, however, considered to be complex 
Figure 1. Callus induction and plant regeneration from explants of arracacha (Arracacia xanthorrhiza). A, 50-day-old 
light yellow-green friable callus with meristematic centers on its surface, cultivated on a medium containing 0.1 mg L-1 
2,4-dichlorophenoxyacetic acid; B, histological analysis of the morphogenic callus with meristematic center (MC); C, shoot 
regeneration from a callus on a medium without plant growth regulators (PGRs); D, histological analysis of shoot regeneration 
from a callus cultivated on a medium without PGRs, where ST is the shoot tip and VS is the vascular system; E, matured 
somatic embryo obtained from regeneration MS medium without PGRs; F, histological analysis of early cotyledonary 
somatic embryo, where Ct is the cotyledon, Hy is the hypocotyl, Ra is the radicle, and SA is the shoot apex; and G, plant 
recovered from a callus on half-strength MS medium.
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developmental processes that are supposed to involve 
not only different hormonal requirements, but also 
a series of biochemical and morphological changes 
(Yang & Zhang, 2010; Rocha, 2015).
In the present study, the ISSR analysis was used to 
reveal potential somaclonal variation among in vitro 
regenerated arracacha plants. Out of the 20 ISSR 
primers tested, 18 produced clear and reproducible 
bands, and each of these primers provided at least 
three bands per sample (Table 1). A total of 1,584 
fragments were generated from all tested regenerants 
and a control plant. The number of scored fragments 
per primer ranged from 3 to 10, and the average 
number of bands per primer was 5.5. From the total 
number of bands, 4.04% were polymorphic and they 
were generated by two primers, namely UBC807 
and UBC836. Each of these primers produced two 
polymorphic bands, respectively: 500 and 600 bp, both 
extra bands; and 1,300 and 350 bp, absent and extra 
bands (Figure 2). Genetic variability was revealed in 4 
out of 15 regenerants – i.e., R8, R13, R14, and R15 –, 
representing 26.7% of all tested samples. The results 
obtained from the ISSR analysis in arracacha showed 
that plant regeneration from a callus is responsible for 
somaclonal variation arising from point mutations.
These results are in alignment with those of 
other studies, where somaclonal variation in 
plantlets regenerated from undifferentiated tissue 
was also detected using the ISSR analysis. The 
following mean polymorphisms, for example, were 
found: 41.39% for Jatropha curcas L. after plant 
regeneration via indirect organogenesis and within 
successive subcultures (Soares et al., 2016); 12.2% for 
Amorphophallus rivieri Durieu, in plants regenerated 
through indirect organogenesis (Hu et al., 2011); 
and 7.19% for Smallanthus sonchifolius (Poepp. and 
Endl.) H. Robinson, in somatic embryo-derived plants 
(Viehmannova et al., 2014). ISSR has also been reported 
to be a powerful technique to detect genetic fidelity 
among in vitro regenerated plants from nodal cultures 
Table 1. Details on the inter-simple sequence repeat (ISSR) analysis of 15 in vitro regenerants and a control plant of 
arracacha (Arracacia xanthorrhiza).
Primer 
code(1)
Sequence 
5’-3’(2)
Tan(3)  
(°C)
No. of bands 
per primer
Total no. 
of bands
No. of polymorphic 
bands per primer
PPB(4) 
(%)
No. of polmor-
phic regenerants
Polymorphic 
regenerants
Range of  
ampliﬁcation (bp)
UBC807 (AG)8T 48 4 64 2 50 2 R14, R15 250–650
UBC809 (AG)8G 50 4 64 ‒ 0 0 ‒ 290‒700
UBC810 (GA)8T 49 5 80 ‒ 0 0 ‒ 600‒1,300
UBC812 (GA)8A 50 5 80 ‒ 0 0 ‒ 380‒1,000
UBC823 (TC)8C 54 3 48 ‒ 0 0 ‒ 600‒1,700
UBC824 (AG)8YT 55 10 160 ‒ 0 0 ‒ 200‒1,900
UBC828 (TG)8A 48 5 80 ‒ 0 0 ‒ 600‒1,300
UBC829 (TG)8C 50 4 64 ‒ 0 0 ‒ 520‒1,900
UBC834 (AG)8YT 50 5 80 ‒ 0 0 ‒ 210‒1,900
UBC835 (AG)8YC 51 5 80 ‒ 0 0 ‒ 450‒1,200
UBC836 (AG)8YA 48 9 144 2 22 2 R8, R13 200‒1,300
UBC840 (GA)8YT 52 6 96 ‒ 0 0 ‒ 400‒1,000
UBC841 (GA)8YC 48 6 96 ‒ 0 0 ‒ 200‒700
UBC844 (CT)8RC 52 8 128 ‒ 0 0 ‒ 480‒1,300
UBC847 (CA)8RC 54 3 48 ‒ 0 0 ‒ 590‒1,400
UBC851 (GT)8G 52 7 112 ‒ 0 0 ‒ 700‒1,700
UBC855 (AC)8YT 54 7 112 ‒ 0 0 ‒ 450‒1,800
UBC856 (AC)8YA 49 3 48 ‒ 0 0 ‒ 800‒1,600
Total 99 1584 4 4.04 4
(1)Primers obtained from University of British Columbia (UBC). (2)Single letter abbreviations for mixed-base positions: Y = (C, T) and R = (A, G). (3)Tan, 
annealing temperature. (4)PPB, percentage of polymorphic bands.
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or adventitious shoots in many plant species, such as 
Sphagneticola calendulacea (L.) Pruski (Kundu et al., 
2017), Puya berteroniana Mez (Viehmannova et al., 
2016), Cornus alba L. (Ilczuk & Jacygrad, 2016), and 
Phyllanthus fraternus Webster (Upadhyay et al., 2015), 
showing the suitability of this method for a rapid and 
reliable genetic screening of in vitro regenerants.
In contrast to the ISSR analysis, flow cytometry 
did not reveal any variation among callus-derived 
arracacha plants in terms of ploidy level. The DNA 
ratios in all samples ranged between 1.680 and 1.710, 
showing no differences in the relative DNA content 
among samples. The chromosome number in the 
somatic cells of the control plant material was 2n=44, 
which corresponds to the tetraploid chromosomal level 
(4x) (Figure 2). These results indicate that, despite 
the general presumption that plant material grown in 
tissue culture shows especially unstable DNA content 
(Sliwinska, 2018), arracacha plants proved to be stable 
and not susceptible to ploidy level changes during in 
vitro cultivation. These results are similar to those 
of Viehmannova et al. (2014), who studied another 
Andean root crop, S. sonchifolius, and detected 
somaclonal variation at the point mutation level in 
Figure 2. Molecular, flow cytometry, and karyological analyses of in vitro regenerants of arracacha (Arracacia xanthorrhiza). 
A, inter-simple sequence repeat proﬁle of in vitro regenerants and a control plant using the UBC836 primer, where R1‒R15 
are 15 randomly chosen regenerants, C is the control plant, L is the ladder, and arrows indicate the position of the 
polymorphic bands; B, representative histograms showing relative fluorescence intensity of the control plant (on the left) 
and of a randomly chosen in vitro regenerant (on the right), with the peak of the internal standard, Bellis perennis, indicated 
with an asterisk; and C, chromosome counts in root tips of arracacha (2n = 4x = 44).
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somatic embryo-derived plants using ISSR markers; 
however, no genomic changes were proven by flow 
cytometry.
The present study shows the first findings on the 
induction and detection of somaclonal variation 
in arracacha as a possible source for plant genetic 
improvement (Cao et al., 2016), especially when other 
breeding methods are limited. Since the genetically 
variable somaclones in many crops positively changed 
agronomic traits (Bairu et al., 2011), this breeding 
method could generate new arracacha genotypes, 
with, for example, improved disease tolerance, higher 
root yields, or higher starch content. However, within 
a somaclonal breeding program, the limitations of this 
method should also be taken into account, i.e., that it is 
not possible to predict the outcomes of the somaclonal 
variation process or that some variations could have 
negative traits (Krishna et al., 2016). Therefore, a 
thorough evaluation of newly developed genotypes is 
of high priority.
Conclusions
1. Indirect morphogenesis in arracacha 
(Arracacia xanthorrhiza) can be achieved using 
2,4-dichlorophenoxyacetic acid by both regeneration 
pathways, shoot organogenesis and somatic 
embryogenesis.
2. Arracacha plant regeneration via indirect 
morphogenesis is responsible for the induction of 
somaclonal variation.
3. The inter-simple sequence repeat analysis is a 
valuable tool to reveal genetic variation among in vitro 
regenerants of arracacha.
4. The induction of somaclonal variation can be 
used in arracacha improvement to widen the species 
genetic variability.
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In the paper “Assessment of somaclonal variation in indirect morphogenesis-derived plants of Arracacia 
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“Slerotinia sclerotiorum”, it should read: “Sclerotinia sclerotiorum”.
